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3 (3D) $(\mathrm{N}\mathrm{S})$ 1941





( ) ( )
3
$3\mathrm{D}\mathrm{N}\mathrm{S}$ 2 (2D) $(\mathrm{F}\mathrm{C})$ $\mathrm{F}\mathrm{C}$
$(\mathrm{H}\mathrm{T})[3,4,5,6]$
$(T^{2}/2)$ $-$ [7, 8, 9] Bolgiano-Obukhov(BO)
$[10, 11]$ $\mathrm{F}\mathrm{C}$
$\frac{\mathrm{D}u}{\mathrm{D}t}$ $=$ $-\nabla p+(\alpha g)Te+y\nu\Delta u$ , (1)
$\frac{\mathrm{D}T}{\mathrm{D}t}$ $=$ $\kappa\Delta T$ , (2)
$\nabla\cdot u$ $=$ $0$ , (3)
$\nabla\equiv(\partial/\partial x, \partial/\partial y),$ $\Delta\equiv\nabla^{2},$ $D/Dt\equiv\partial/\partial t+(u\cdot\nabla)$ $\nu,$ $\kappa,$ $\alpha$ and $g$
$y$ $e_{y}$ $y$
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$S(k)$ $\sim$ $\epsilon_{T}(4/5-2/5/\alpha g)k^{-7}5$ , (4)
$E(k)$ $\sim$ $\epsilon_{T}(2/54/5-11\alpha g)k/5$ , (5)
$\epsilon\tau$ ,



























(1) (2) $\mathrm{T}-$ $\chi$ $\sigma\equiv\nabla^{t}$ : $u([\sigma]_{1j}.=\partial_{i}u_{\mathrm{j}})$ ,
$\frac{\mathrm{D}\sigma}{\mathrm{D}t}$ $=$ $\alpha g\mathrm{R}(\frac{\pi}{2}):(x:e_{y}^{t})-\sigma:\sigma-\nabla:\nabla^{t}p+\nu\Delta\sigma$ , (7)
$\frac{\mathrm{D}\chi}{\mathrm{D}t}$ $=$ $\chi\cdot\nabla \mathrm{u}+\mathcal{K}\Delta x(=\sigma:x+\kappa\Delta\chi)$ . (8)
$t$
$\mathrm{R}(\theta)$
$\theta$ : (8) $\chi$ $3\mathrm{D}$ NS
$2\mathrm{D}\mathrm{N}\mathrm{S}$ divorticity ( $\chi$





$\mathrm{T}$- ( ) $\sigma$ : $\chi$
$\mathrm{T}$- ( ) ( 3 )
(7), (8)
$\mathrm{T}$- (7) ( )
$\mathrm{T}-$








1 $\mathrm{T}$- $\chi$ $\sigma$ $2\mathrm{D}\mathrm{F}\mathrm{C}$
T-
31 T-
$\mathrm{T}$- $2\mathrm{D}$ $[17, 18]$
$l_{m}\sim 2^{-m}$ T-
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$\Sigma_{m}$ $X_{m}$ 4 $\Sigma_{m}$ $X_{m}$
$u_{m,j}(x, y)$
$\Theta_{m,j}(x, y)$
$\tau\iota_{m,j}(x, y)$ $\equiv$ $(u_{m,j^{(_{X},),v_{m}}}y,j^{(x,y}))$
$\equiv$ $( \sum_{q=1}^{3} \text{\^{u}}^{(q},\Psi_{m}m)j(q)|j(_{X}, y),$ $q=1 \sum\hat{v}\Psi_{m}(q)(q))j,j^{(x,y})3m,$
’ (9)
$\ominus_{m,j^{(x,y)}}$ $\equiv$ $\sum_{q=1}^{3}\hat{\mathrm{e}}_{m}^{(}q)\Psi^{(}|jmjq)|(x, y)$ (10)
$\text{ _{}u_{m}()}x,y’\equivarrow\text{ }\hat{u}_{m}j’\hat{v},$$\ominus_{m},q).\mathfrak{x}_{\mathrm{H}\text{ }}.(q)(mq|)\wedge(.|\mathrm{h}\text{ }r_{\mathrm{L}\ll}\underline{\backslash }\backslash \mathrm{p}\dot{|\mathrm{m}}^{\text{ })\text{ }}\mathrm{B}\ominus_{m}n_{u,v},\tau \text{ ^{ } }(x,y\text{ _{ ^{ _{ }}} ^{ }}$






$\Sigma_{m}$ $\nabla^{t}$ : $u$
$\mathrm{T}$- $\sigma_{m}(x, y)$
$\sigma_{m}(x, y)=(\sigma_{+}(x, y)-\sigma-(x, y))/2$ , (13)
$\sigma\pm(x, y)$ $=$ $\frac{1}{2}\{(\partial_{x}u_{m}+\partial v)ym$
$\pm\sqrt{(\partial_{x}um-\partial_{y}vm)^{2}+(\partial xvm+\partial u_{m})y2}\}$ (14)







$J\mathrm{s}l_{m}$ $u_{m}$ $\sigma_{\pm}(x, y)$
$s_{+}$ (14) $\partial_{x}u_{m}+\partial_{y}v_{m}$
$( \Sigma m==^{1}L\int\int\sigma_{+}(x, y)\mathrm{d}x\mathrm{d}y)$
m T-
$Xm$ $(\partial_{y}\ominus_{m’ x}-\partial\ominus_{m})$
$X_{m}$ $\equiv$ $l_{m}^{-1}T_{m}$ , (16)





1/2- $\text{ }-$ $(8/9)N^{2}$
(1) (2) $\nu_{H}\Delta^{8_{8l}}$ $\kappa_{H}\Delta^{8}T$
$\alpha g=1$ $\nu_{H}=\kappa_{H}=5\mathrm{x}10^{-31}$
$\Delta t=2.0\cross 10^{-3}$ $F=\cos(2x)\cos(2y)$ (2)
$D=0.5(1-\theta(|k-3|))\Delta-1u(\theta(x)$ Heviside
) (1) $256^{2}$















$X_{m}$ $\Sigma_{m}$ 3 $X_{m}$ $\Sigma_{m}$
$\Sigma_{m}$ $X_{m}$ BO $(<>$
)
$<\Sigma_{m}>$ $\sim$ $l_{m}^{-2/5}$ , (18)
$<X_{m}>$ $\sim$ $l_{m}^{-4/5}$ , (19)
$2\leq m\leq 6$ (18) (19)
0.1
[12]
1 ( ) $A(t)$ $B(t)$
$F(A, B)( \tau)\equiv\frac{(<A(t)-<A>>)(<B(t+\mathcal{T})-<B>>)}{\sqrt{(<A^{2}(t)>-<A>2)(<B^{2}(l)>-<B>2)}}$. (20)
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4 $F(Xm’ Xm+1)(\mathcal{T}),$ $F(\Sigma_{m}, \Sigma m+1)(\tau),$ $F(x_{m},\Sigma m)(\mathcal{T})$ 3
$F(Xm’ Xm+1)(\mathcal{T})$ $X_{m}$ $X_{m+1}$ $m\geq 3$
0.8 $F(X_{mm+1})X)(T)$ $\tau$ $m\geq 2$ $X_{m}$
$\text{ }\ovalbox{\tt\small REJECT}\grave{\mathrm{B}}$ $F(\Sigma_{m}, \Sigma_{m}+1)(\tau)$ $m\geq 4$ 0.8 $F(\Sigma_{m}, \Sigma_{m}+1)(\tau)$
$\tau$ $m\geq 3$ $X_{m}$
$\Sigma_{m}$
$\Sigma_{m}$
$F(\Sigma_{m}, \Sigma_{m}+1)(\tau)$ $m\geq 4$ $F(Xm’ Xm+1)(\mathcal{T})$
$F(X_{m}, \Sigma_{m})(\mathcal{T})$ $F(Xm’ Xm+1)(T)$ $F(\Sigma_{m}, \Sigma_{m}+1)(\tau)$
$m=6$ $m=7$ 0.8 $m\leq 5$ 0.7
$\Sigma_{m}$ (7)




$X_{m}$ $X_{m+1},$ $\Sigma_{m}$ $\Sigma_{m+1},$ $X_{m}$ $\Sigma_{m}$
$\tau_{m}^{DNS}(X),$ $\tau^{DNs}m(\Sigma)\tau^{DN}(mXSarrow\Sigma)$
5
$\mathcal{T}_{m}^{DNS}(x),$ $\mathcal{T}^{DN}(m\Sigma s),$ $\tau^{DN}(mXSarrow\Sigma)$ $1\leq m\leq 6$ $\tau_{m}^{DNS}(xarrow\Sigma)$
$\tau_{m}^{DNS}$ $(X)$ $\tau_{m}^{DNS}(\Sigma)$ 2 – $-$
$\Sigma_{m}$
$\tau_{m}^{DNS}(Xarrow\Sigma)>\tau_{m}^{DNS}(x)$
$\Sigma_{m}$ $\Sigma_{m}$ $X_{m}$ $X_{m+1}$
$\Sigma_{m}$
5 BO











6 $\tau(X_{m}, X_{m+1},TC)$ $\tau(X_{m}, \Sigma_{m},Tc)$ $m=4,5,6$
0.8 $\tau(X_{m}, \Sigma_{m},\tau C)$ $\tau(X_{m},X_{m+}1, \tau C)$
$X_{m}$ $X_{m+1}$ $X_{m}$ $\Sigma_{m}$
$m=4,5,6$ $F(Xm’ Xm+1)(\mathcal{T})$ $F(X_{m}, \Sigma m)(\mathcal{T})$ $m$
$F(Xm’ Xm+1)(T)$ $F(X_{m}, \Sigma m)(\mathcal{T})$ $m$
$\tau_{m}^{DNS}(X)$ $\tau(x_{m}, X_{m+}1, \tau C)$ $m$ $\text{ }$
$\mathrm{T}$- $\Sigma_{m}$
$\tau(X_{m}, \Sigma_{m}, \tau c)$
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2
$A,$ $B,$ $B’$ $\tau(Xm’ xm+1, \tau C)\simeq\tau^{D}mNs(X)$ $\tau(X_{m},\Sigma_{m}, Tc)\simeq\tau_{m}(DNsXarrow\Sigma)$
$\backslash \backslash 7$ 8 $X_{m}(t)$ $\Sigma_{m}(t)$ T-
7 8 $A_{\Sigma 4}$
$\wedge\backslash \backslash 7$ 8 $B$ $-$ $B’$
$B$ $B$ $X_{m}(t)$ $\Sigma_{m}(t)$
$A$ $B$ T-
$B_{X5},$ $B_{X6},$ $B_{X7}$ $\mathrm{T}$- $B_{X5},$ $B_{\Sigma 5}$ ,
$B_{X6},$ $B\Sigma 6,$ $BX7$ . 2 $B_{Xm}$
BO $m$




$\frac{\mathrm{d}\sigma_{m}}{\mathrm{d}t}$ $=$ $(\alpha g)\chi_{m}-\sigma m^{2}-\nu\lambda^{2m}\sigma m+FD(m)$ , (22)
$\frac{\mathrm{d}\chi_{m}}{\mathrm{d}t}$ $=$ $\lambda^{2}\sigma_{m-1\chi_{m}x_{m}+}-1^{-\sigma_{m}}1$
$-\kappa\lambda^{2m}\chi m+Fp(m)$ . (23)
$\chi_{m}$ $\sigma_{m}$ m $\equiv\lambda^{-m}$ $\chi$ $\sigma$

















$F=D=1.0\mathrm{X}10^{3},$ $\nu=\kappa=1.0\mathrm{X}10^{-12},$ $\alpha g=1$
9 ( $<\sigma_{m}^{\mathrm{B}\mathrm{O}}>,$ $<x_{m}^{\mathrm{B}\mathrm{o}_{>}}$ ) $10<m<20$
BO
$<x_{m=}^{\mathrm{B}\mathrm{O}}4>$ $\delta\chi=1.\mathrm{o}\cross 10-2$ $\mathrm{B}\mathrm{O}$ case
$\sigma_{m}^{\mathrm{B}\mathrm{O}}(t)$ $\chi_{m}^{\mathrm{B}\mathrm{O}}(t)$ $\Delta t=1.0\cross 10^{-6}$
$\mathrm{B}\mathrm{O}$ case $m$
$\tau_{m}^{\sigma},$ $\tau_{m}^{\chi},$ $\tau_{m}^{\chiarrow\sigma}$ , $\tau_{m}^{\sigma}=t_{m+1^{-}’ m}^{\sigma}t_{m}\sigma\tau x=t_{m+1^{-}}^{\chi}t_{m}x,$ $\tau_{m}^{\chiarrow\sigma}=t_{m}^{\sigma}-t_{m}^{\chi}$
$t_{m}^{\sigma}$ $t_{m}^{\chi}$ $\sigma_{m}$ $\chi_{m}$
10 $\tau_{m}^{\sigma},\tau_{m’ m}^{x}\mathcal{T}\chiarrow\sigma$ $m$ BO
$5\leq m\leq 10$ $\tau_{m}^{\chi}$ $\tau_{m}^{\chiarrow\sigma}$ $\mathrm{B}\mathrm{O}$ $\tau_{m}^{\sigma}$




$\tau_{m}’$ $\tau_{m}\equiv(t-t_{m}^{\sigma})/t_{m}^{\sigma}$ $\tau_{m}’$ $\equiv(t-t_{m}^{\chi})/t_{m}^{\chi}$
$S_{m}(\tau_{m})\equiv[\sigma_{m}^{BO}(t)-<\sigma_{m}^{BO}>]/<\sigma_{m}^{BO}>$ $K_{m}(\mathcal{T}_{m}’)$ $\equiv$ $\chi_{m}BO(t)-<\chi_{m}^{BO}>]/<\chi_{m}^{BO}>$ $m$
$l_{m}$ $m$ $\tau_{m}^{\chi}\ll t_{m}^{\chi}$ $\tau_{m}^{\sigma}\ll t_{m}^{\sigma}$ , $t_{m}^{\chi}$
$t_{m}^{\sigma}$ $\tau_{m}$ $\tau_{m}’$
– 7 $B_{X7}$ $B_{X5}$ 1/4
$B_{X5},$ $Bx6_{)}B_{X7}$ $S_{m}$ $I\iota_{m}’$
2 ( 1 )
( $\tau_{m}^{\chi}$ ) $m$ $m+1$
$t_{m}^{\chi}$ $l_{m}$















$\epsilon S(_{\mathcal{T}})\equiv\frac{\sigma_{m}(t)-<\sigma_{m}^{\mathrm{B}}>0}{<\sigma_{m}^{\mathrm{B}\mathrm{O}}>}$ , (24)
$\epsilon K(_{\mathcal{T}’})\equiv\frac{\chi_{m}(t)-<\chi^{\mathrm{B}\mathrm{O}}m>}{<\chi_{m}^{\mathrm{B}}>0}$ (25)
$\epsilon$ $S$ $K$
1 $\tau$ $\tau’$ $m$ $\tau\equiv(t-t_{m}^{\sigma})/t_{m}^{\sigma}$ $\tau’\equiv(t-t_{m}^{\chi})/t_{m}^{\chi}$
$\epsilon_{m}\equiv(t_{m}^{\sigma}<\sigma_{m}^{\mathrm{B}\mathrm{O}}>)^{-1}$ (24) (25)
(22) $D=\nu=0$




$<\sigma_{m}^{\mathrm{B}\mathrm{O}}>\sim\lambda^{3m/5}$ $\lambda>1$ $\lim_{marrow\infty}\epsilon_{m}=1/(t_{m}^{\sigma}<\sigma_{m}^{\mathrm{B}\mathrm{O}}>)=0$ (27)




$=$ $\tau+\epsilon_{mmm}\mathcal{T}^{\chiarrow\sigma \mathrm{B}}<\sigma \mathrm{o}O((\epsilon_{m}\tau_{m}^{x\mathrm{B}}arrow>+\sigma 0><\sigma_{m})^{2})$ (28)
$I\acute{\mathrm{t}}(\mathcal{T}’)$





$m$ $\epsilon_{m}\ll\epsilon\ll 1$ $\epsilon\epsilon_{m}\ll\epsilon^{2}\ll\epsilon$ (30)
1 2 $O(\epsilon^{2})$







$\lambda^{-2m/5}$ . (22) $\sigma_{m}=<\sigma_{m}^{\mathrm{B}\mathrm{O}}>+\delta\sigma_{m}$
$\chi_{m}=<\chi_{m}^{\mathrm{B}\mathrm{O}}>+\delta\chi_{m}$ (22) $(\delta\sigma_{m})^{2}$ $\delta\chi_{m}$ $\delta\sigma_{m}$
$\frac{d}{dt}(\delta\sigma_{m})=(\alpha g)\delta xm-2<\sigma_{m}\mathrm{B}\mathrm{o}>\delta\sigma_{m}$ . (33)












$m$ 1.0 10 $\tau_{m}^{\sigma}$ $\tau_{m}^{\chi}$ $(\tau_{m}^{\sigma} \ll\tau_{m}^{\chi})_{\text{ }}$
$1^{r_{m-1}^{\sigma}}$ $\tau_{m}^{\chi}$ 0.2 $\tau_{m}^{\sigma}$
(31) $(IC(\tau)=2S(\tau))$ 7 8
11 3 $A_{X4}$ $A_{\Sigma 4},$ $B_{X5}$ $B_{\Sigma 5)}B_{X6}$ $B_{\Sigma 6}$
(31) $X_{m}(t)$ $\Sigma_{m}(t)$ $A_{X4}$ $A_{\Sigma 4}$
$B_{X5}$ $B_{\Sigma 5}$ $B_{X6}$ $B_{\Sigma 6}$ $S_{m}$ $I\mathrm{f}_{m}$ –
– – $S_{m}$ $I\acute{\mathrm{e}}_{m}$
[18]




- $\tau>0$ $m$ $t>t_{\infty}$
$t_{\infty}$
$t_{\infty}$
$|\tau|\ll 1$ $|\tau|<1$ 11 $S$ $K$ $|r|\prec 1$
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2 $m=6$ $\sim 2^{-m}$
60
3(a) $X_{m}(\mathrm{b})\Sigma_{m}$ ( ), ( ), ( )
4 $\tau=0$ $m$ - $m=6$ $(\mathrm{a})F(Xm’ Xm+1)(\mathcal{T})$
$(\mathrm{b})F(\Sigma_{m}, \Sigma_{m}+1)(\tau)(\mathrm{c})p(x_{m},\Sigma_{m})(_{\mathcal{T})}$
5 $F(X_{m}, x_{m+1})(\mathcal{T}),$ $F(\Sigma_{m}, \Sigma_{m}+1)(\tau)$ $F(X_{m},\Sigma m)(\mathcal{T})$
BO
6 $(\mathrm{a})\tau(X_{m}, X_{m+}1, Tc)$( $Tc$ ) $(\mathrm{b})\tau(\Sigma_{m}, \Sigma_{m}+1, T\mathrm{C})$( $\tau C$ )
7 $X_{m}(t)$ $m=4,5,6$ 3 $V_{m}^{1/2}(V_{m}$
)
8 $\Sigma_{m}(t)$ 7
9 $<\chi_{m}^{\mathrm{B}\mathrm{O}}>$ <\mbox{\boldmath $\sigma$}mB0> BO
10 BO case $\sigma_{m}$ $\chi_{m}$ BO
11 BO case $S_{m}(\tau_{m})$ $T_{m}(\tau_{m}’)$ $S_{m}(\tau_{m}):(\mathrm{a})$ for $m=5,6,$ $\ldots,$ $10(\mathrm{b})$














































































$(. \neg\frac{.\eta}{\mathrm{o}}\subset. 1 \mathrm{l}\mathrm{I}.\mathrm{o}\mathrm{I}\vee\triangleright \mathit{0}\supset\frac{\mathrm{x}}{\mathrm{o}} \mathrm{I}^{-}\mathrm{I}\mathrm{o}-\mathrm{R})\omega\frac{\mathrm{x}}{\mathrm{o}}$
$\neg-(\mathrm{D} 1 1\mathrm{t}\mathrm{o}\mathrm{I}\vee\triangleright \mathit{0}\supset\overline{\mathrm{o}}01| 1^{-}\ovalbox{\tt\small REJECT}\circ-\mathrm{R})\omega \mathrm{O}\mathrm{c}^{1}\mathrm{r}$
$\ovalbox{\tt\small REJECT}-$
$0$ $\mathrm{O}$
$arrow$ $-$
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